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Basic  Tralasr  was  prparad  by  A.R.L. ,  in  response  to  a  request  froai 
the  BAAF. 

A  draft  baaad  on  existing  ailitary  standards,  was  sent 
to  the  BAAF  in  June  1981  and  is  reproduced  in  Parts  1  and  2  of  this 
awonrandnai.  A.B.I>.  was  subsequently  asked  to  interpret  or  expand 
scan  aspects  of  the  rsquirsasnts  by  the  Australian  Aircraft 
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PART  1.  PKgQSBO  CRASHWDiaHlBESS 

(Praparad  In  April  1981) 

1.  Ganaral 

1.1  Cabin  and  fmalaqe 


IREMENTS 


.'-=aa 


(a)  Ttw  Structure  and  equifant  aurroundi^  tba  occupants  should 
withstand  the  inertia  loading  shown  in  Table  1.  (Seat  and 
occupant  restraint  loads  are  detailed  separately) . 


TABLE  1.  CRASS  UUDIMG  UERTIA  FACTORS 


Direction 

Load  Factor  g 

Forwards 

30 

Bacicwards 

11 

Downwards 

22 

Upwards 

9 

Sideways 

9 

In  the  event  of  an  overturn  the  cabin  should  withstand  a 
loading  equivalent  to  4g  on  the  aircraft  gross  wei^t  applied 
to  the  top  of  the  cabin  in  a  r^^esentatlve  way.  Xbe  structure 
should  not  defora  sufficiently  to  crush  the  occupants. 

(b)  The  underside  of  the  fuselage  should  be  designed  to  ainiaise 
earth  or  water  scooping  if  the  aircraft  lands  with  the  landing 
gear  retracted. 

(c)  Cockpit  interior  surfaces  which  could  be  struck  by  the 
oocvqwnts  in  crash  conditions  should  not  Itava  sharp  edges  or 
projections  which  would  be  lilwly  to  cause  injury. 


(d)  Care  should  be  talwn  to 
particularly  tba  feet. 


prevent  antrapaant  of  the  bod^r  and 


(b)  TiM  landing  gaar  stoold  ba  arrangsd  ao  that  if  it  fails  it 
doas  not  panatrata  tha  oabin  or  raptura  fual  tanks. 


1.4  Fira  pravantion 

(a)  FlaMubla  fluid  systans  shall  ba  dasignad  to  bo  tolorant  to 
stractural  distortion  sudi  as  could  occur  in  a  survivabla 
crash. 

(b)  Fla— ahla  fluid  syata—  Shall  ba  saparatad  as  far  as  possibla 
fran  ignition  aourcas  and  alactrical  systa— . 

(Principal  rafarenca  for  1.1, 1.2, 1.3  C  1.4,  Nil  Std  1290^). 

^ _ Seats  and  Occupant  Rastraints 

2.1  Rastraint  syst— 

Tha  provisions  of  ASCC  Air  Std  61/2^  apply  to  tha  rastraint 
syst—  with  an  occupant  with  a  — ss  up  to  100kg  and  statura  and 
■iaas  as  indicated  by  tha  A.S.L.  Anthropc— trie  survay*.  Tba 
strangth  raquira— nts  for  tha  safety  harness  assasbly  hamass-to- 
saat,  and  saat-to-structura,  or  hamass-to-airfra—  as  specified 
in  ASOC  Air  Standard  61/2*  are  30g  in  tha  foc%iards,  backwards  and 
downwards  diractions  and  ISg  sideways  and  upwards.  Tha  buckla 
and  and  fittings  shall  withstand  aisalign— nt  of  tha  strsp  forces 
su<di  as  could  occur  in  a  survivabla  accident. 

2.2  Seats 

Tha  seat  shall  withstand  tha  forces  shown  in  Table  2  without 
failure  at  any  position  in  its  adjust— nt  range,  when  tha  forces 
are  applied  in  a  reprasantative  — nnar  a.g.  by  tba  ARL  pivoted  body 
block.  (Sea  Part  3  para.  2.2) . 

TABLE  2  SBAT  BBSIGW  OLTIHATB  FORCBg-kB 


Forwards 
Backwards 
Downwards 
Upwards 
Forward  s  Do- 
Forward  A  Bids— yi 


Motet  Tha  do— rds  load  of  IM  oacraapciids  to  22g  acting  on  80%* 
of  tha  oooapant's  — ss  bo  allow  for  tha  support  to  tha  laga 
fr—  tha  feat. 


Mogituoinai 

30 

Varileal 

0 

snsr~ 

0 

Ijourcfa 

Air  std  61/2* 

11 

0 

0 

Nil-S-SITTU** 

0 

18 

0 

Nil-S>81771A^ 

0 

9 

0 

Nil-8-8177U* 

9 

16 

0 

M— 

16 

0 

9 

Maw 

To  protect  the  spine  froa  excessive  loading  in  the 
vertical  direction, the  seat  shall  be  designed  to  coapress, 
or  stroke,  in  a  substantially  downwards  direction  shilst 
applying  a  decelerative  force  to  the  body  and  thus  absorbing 
energy. 

The  stroke  shall  be  the  aaviaisB  attainable  in  the  ^tace 
between  the  seat  and  the  floor  but  shall  not  be  less  than 
SOObb*  in  the  vertical  direction  (i.e.  noraal  to  the  aircraft 
longitudinal  and  lateral  axes) . 

The  decelerative  force  on  the  pilot  should  be  the 
greatest  safe  value,  but  to  accooaodate  the  probable  range 
of  pilot  aass  with  a  fixed  decelerative  force,  a  value  for  the 
force  transmitted  to  the  pilot  of  1111  kM  is  reocManded.* 

The  force  Halting  aechanisa  should  allow  for  a  force  of 
23  tiaas  the  weight  of  the  aoving  parts  of  the  seat  to  act 
simultaneously  with  the  1111  kR  load  on  the  pilot. 

The  force  should  be  nearly  uniform  during  the  stroke  but 
the  maximum  value  must  not  occur  in  the  first  15%  of  the  stroke. 
Energy  absorbing  efficiency,  aaasured  by  the  ratio  of 
saxiaum  energy  absortied  (intergral  of  foroe  with  respect  to 
stroke)  to  the  product  waxtmum  force  tiaas  total  stroke, 
expressed  as  a  percentage  sliall  not  be  less  than  60%. 

The  force  transmitted  to  the  body  when  the  cabin  is 
subjected  to  corisined  forwards  and  downwards  loading  is  IDcely 
to  be  influenced  by  the  forward  loading.  To  ainiaise  adverse 
interaction  the  locus  of  the  centre  of  gravity  of  the  seat  and 
pilot  as  the  seat  strokes  should  not  be  inclined  at  aore  than 
30*  to  the  vertical  axis.  The  energy  absoid>ing  systea  sbonld 
be  designed  to  aaet  the  foregoing  requirement  xbsn  the  inertia 
load  vector  acts  in  a  direction  downwards  and  30*  forwards  of 
the  vertical  axis. 

The  stroking  aechanisa  shall  not  be  rendered  inoperative  by 
structural  defcraatlon  that  oould  occur  in  a  crash  oospatible 
with  the  protection  provided. 

Nhen  the  seat  strokes  the  restraint  systea  Aould  not  loosen 
or  ti^ten  excessively.  The  seat  aust  not  diaage  attitude  in 
a  way  that  would  increase  tbs  risk  of  "sitaariaiag”  under  the 
lap  belt,  and  the  seat  structure  and  tria  must  not  trap  the 
occupant  or  sxposs  the  occupant  to  sharp  or  jagged  edges. 

The  seat  aust  not  stroke  or  he  deforasd  perauiantly  under 
any  noraal  flight  aanoauvre. 


*  with  10%  of  a  50th  puroentile  ecoupant  supported  by  the 
■eat,  llkll  eorreaponds  to  It  g. 
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2.4  Static  t«»t« 


Static  tests  are  required  to  desonstrate  strength  of  the 
seat  and  restraint  to  the  loading  requireaents  of  Table  2. 

Less  critical  cases  nay  be  tested  to  66%  of  the  ultiaate 
design  force,  the  aost  critical  case  shall  be  tested  to  the 
design  ultiaate  force  and  failure. 

The  A.R.L.  Articulated  body  block  Shall  be  used.  The  seat 
shall  be  at  its  highest  or  most  critical  position  with  the 
stroking  aechanisa  locked. 

2.5  Dynamic  tests 

Dynamic  tests  are  required  to  demonstrate  the  performance 
of  the  seat,  restraint  and  energy  absorbing  system,  and  in 
particular  to  show: 

(a)  that  the  maximum  force  transaitted  to  the  torso  of  a  test 
duany  is  11±1  kM,  idwn  the  unit  strokes  through  its  full 
travel. 

(b)  that  the  energy  absorbing  efficiency  is  at  least  60%. 

The  test  shall  danonstrate  that  the  system  is  tolerant  to  air¬ 
frame  distortion. 

The  maximum  velocity  change  shall  be  determined. 

2.5.1  Dynamic  test  procedure 

The  dUBBV  shall  represent  a  50th  percentile  occupant  (77kg) 
with  80%  of  the  weight  si^ported  by  the  seat  and  seat  back.  A 
body  block  wholly  siqiported  by  the  seat  and  with  a  mass  of  62kg  is 
acceptable  provided  it  has  a  representative  buttock  form. 

The  inertia  load  vector  shall  be  30*  forwards  from 
vertically  downwards. 

The  seat  any  be  mounted  in  a  section  of  fuselage  or  in  a 
representative  rig  but  the  rig  must  not  provide  better  support 
than  the  fuselage  and  must  allow  for  siaulation  of  structural 
deflection.  The  deoaleratim  pulse  shall  be  approximately 
triangular  with  a  peak  value  in  the  range  40-50g.  The  velocity 
change  should  be  about  12  a/s. 


I 


PMCT  2.  SaPPORTIMG  STATBMEMTS 


at  Mass 


The  Hass  of  the  clothed  occupant  should  be  assuaed  to  be 
lOOkg  for  strength  calculations.  For  cytinisation  of  the  energy 
absorbing  seat  a  a»dian  aass  should  be  used  (SOtb  percentile)  but  the 
range  5th  to  9Sth  percentile  aust  be  considered.  The  11  kM  force 
proposed  ensures  that  the  saall  (5th  percentile)  occupant  is  not  loaded 
excessively  (l.e.  is  not  loaded  to  aore  than  23g)  and  also  provides 
useful  deceleration  for  the  heaviest  occupants.  Optisdsation  for  either 
of  the  extremes  of  mass  will  reduce  effectiveness  for  the  more  ooasKm  sizes 
of  occvpant.  For  vertical  loading  the  seat  is  assuaed  to  support  80%  of 
the  mass  of  the  occupant. 

2.  Design  Forces 

The  design  forces  are  as  specified  in  Mil-S-81771A*  exc^t 


The  forward  loading  has  been  reduced  from  33  )dl  to  30  )dl 
in  accordance  with  the  valut  in  ASOC  Air  Standard  61/2.* 


A  coad>lned  for%iard  and  downward  loading  is  introduced.  The 
resultant  force  of  18  kH  is  the  sane  as  the  aaxiana  vertical 
force  and  the  direction  is  that  specified  in  the  dynamic 
test  procedure  of  Mil-S-81771A. * 

A  combined  forwards  and  siteways  test  is  introduced  instead 
of  the  separate  load  cases  on  the  lap  belt  and  shoulder 
harness  specified  in  M11-S-81771A. *  Resultant  load  is 
18  kM  and  the  direction  is  that  ^ecified  in  one  of  the 
dynamic  test  procedures  of  Nil-S-81771A. ^  The  separate  load 
procedures  of  Mil-S-81771A*  are  also  acceptable  as  an 
alternative  to  this  loading  case. 


Both  Mll-8-58095*  and  Nil>S*41771A*ipecify  an  energy  absorption 
requirement  with  a  given  velocity  <dtan9e  of  15  n/s.  the  maxiena  allowable 
torso  deeelerati«i  is  Reified  in  Nil-S-58095*  Iwt  not  in  Nil>S-81881A* 
which  allows  the  torso  deceleratim  or  operating  force  to  bo  selected  to 
suit  the  available  stroke.  As  the  objective  of  this  requirement  is  to 
limit  the  force  on  the  spine  it  is  pKefarable  to  «eeify  this  force»  or 
ths  torso  deoslezatlMi*  and  optimise  performanos  on  this  basis.  Minimum 
limits  OB  stroke  and  effielenoy.  should  be  indiosted. 


PKBT  3. 


utohpbetatiows 


1.  Irf>ad  Distribution  in  ths  Seat  and  Restraint  Harness  under  Forwards 
and  Downwards  Loads. 

(The  following  inforsMtion  was  sent  to  CAC  on  24.2.82). 

1.1  Introduction 


The  position  of  the  centre  of  gravity  for  the  body  (pilot)  will 
vary  according  to  the  loading  condition  because  of  the  variable  shape 
of  the  occi^tants  and  non  rigid  connection  to  the  seat.  In  addition 
the  distribution  of  loading  between  the  seat  bottosi  and  the  restraint 
harness  is  not  statically  determinant«  and  indeed  it  changes  with  tiaie 
during  the  deceleration  pulse,  the  direction  of  the  deceleration 
vector,  the  stature  of  the  occiq^ant,  and  the  stretch  of  the  restraint 
under  load. 

Positions  for  the  centre  of  gravity  and  load  distributions  are 
recosmended  based  on  a  study  of  specifications  and  the  results  of  tests 
at  ARL  and  other  establishnents.  A  test  installation  was  set  \4>  at 
ARL  to  represent  the  Basic  Trainer  Geoaiatry,  and  the  results 
are  given  in  Part  3.2. 

1.2  Centre  of  gravity  for  aircraft  balance,  i.e.  steady  *1  g*  condition 

AvP  970’  and  Nil-S-2S073A*  (USAF)  show  the  body  CG  12  and  10.5 
inches  (305-267an)  above  the  seat  and  10.75  to  11.5  inches  (273-292ian) 
forward  of  the  bac)c  rest.  This  range  appews  representative.  See  Pig. 

1. 


1.3  Centre  of  gravity  under  crash  loads  for  the  evaluation  of  seat 
reactions  onto  the  airframe 

Under  high  inertia  loading  the  body  will  distort.  Downwards  loads 
will  pull  the  axsu  down  but  the  feet  will  be  supported  bv  the  floor 
rather  than  the  seat.  The  Crash  Survival  Design  Guide^'^*  suggests  that 
for  downwards  loads  80%  of  the  body  aass  be  assuaed  to  act  6.5  inches 
(16SneO  from  the  seat  bac)c.  Forwards  loading  uses  the  full  body  mass 
10.5  inches  (267n)  atxnre  the  seat  as  shown  on  Fig.  2.  (The  loads 
proposed  by  ARL  talce  account  of  these  mass  proportions) . 

Since  it  is  considered  that  sosw  allowance  dtould  be  aade  for 
forwards  deflection  of  the  body,  it  is  recoanended  that: 

The  centre  of  sms  of  the  oco^ant  is  assuMd  to  be 
200nn  in  front  of  the  bacic  rest  and  267mm  above  the 
seat.  Assueption  1 
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1.4  Evaluation  of  the  loads  within  the  seat  structure 


The  loading  within  the  seat  asseably  will  depend  on  the  centre 
of  action  of  the  downward  loads  onto  the  seat  pan  and  the  magnitude 
of  these  loads.  If  subjected  to  a  downwards  load  the  occupant  will 
tend  to  slide  down  the  back  rest  and  the  component  of  the  load  parallel 
to  be  back  rest  will  be  reacted  by  the  seat  pan,  at  sosie  distMce  x 
in  front  of  the  Seating  Reference  Point,  SRP,  as  shown  in  Pig.  3 
For  the  design  of  the  seat  structure  it  is  reconnended  thats 

The  component  of  load  p^u:allel  to  the  seat  back 
rest  is  assumed  to  act  200m  in  front  of  the 
SRP  Assumption  2 

The  downwards  load  on  the  seat  pan  is  generated  directly  by 
downwards  inertia  and  indirectly  by  the  forwards  inertia  fund  tensions 
in  the  restraint  system.  These  tensions  can  not  be  determined 
statically,  but  there  is  sufficient  empirical  evidence  to  evaluate 
loads  for  design  purposes.  The  inclinations  of  the  straps,  the  seat 
pan  and  the  back  rest  to  the  inertia  load  vector  are  importfmt  and  to 
sis!g>lify  the  analysis  a  coordinate  system  based  on  the  back  rest  is 
recoimnended.  This  is  inclined  to  the  aircraft  axis  but  is  approxisiately 
parallel  to  the  seat  rails  (which  is  of  significance  for  the  sliding 
friction  analysis  given  later) .  The  relative  axes  and  nomenclature 
used  are: 

XX  iKjngitudinal  aircraft  axis 

zz  Downwards  aircraft  axis 

x'x'  "Forwards"  axis  perpendiculu  to  back  rest 

z'z'  "Downwards"  axis  parallel  to  back  rest 

P^,P^,  Components  of  inertia  load  in  directions  xx  and  zz 

P^',P2',Coii^nents  of  inertia  load  in  directions  xx’  and  zz* 

Tx,  Load  in  lap  strap  (sum  of  tensions  in  both  str^s) 

Tg  Load  in  shoulders  strap  (sum  of  tensions  in  both  straps) 

Fq  Downwards  load  on  the  seat  pan  (parallel  to  z'z') 

Ppp  Down  load  from  P^' 

F__  Down  load  from  P  ' 

DI  X 

9  Slope  of  lap  belt  to  x'x' 

The  effects  of  any  tension  in  the  crutch  strap  are  neglected 
and  the  shoulder  straps  between  the  shoulder  and  ancliorage  are 
assumed  to  be  parallel  to  x'x*.  The  loads  onto  the  body  are  thus  as 
showi  on  Fig.  4. 
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The  tension  in  the  lap  strap  Tx.(  produced  by  the  'forwards' 
inertia  force  Px'>  has  a  'downwards'  component  Tl  sin  6  at  the 
occupants  lap.  Part  of  this  is  reacted  by  the  thighs,  t«hich  in  turn  ’ 
press  down  on  the  seat,  and  part  is  reacted  by  the  shoulder  strap 
tension,  Tg,  however  this  exerts  a  downwards  force  on  the  shoulders 
so  the  total  downwards  load  on  the  body,  and  hence  on  the  seat, 
will  be  Tj,  sin  6.  It  is  therefore  recomstended  that: 

The  downwards  load  on  the  seat  Induced  by  the 
forwards  load,  be  assumed  to  be  Tj,  sin  0 

Assumption  3 

Empirical  evidence  shows  that  the  lap  ]»elt  load  can  be  as 
much  as  70%  of  the  forward  load  thus  for  the  lower  parts  of  the  seat 
an-  restraint  assume 

•  0.7  Pjj'  Assumption  3A 


Combining  Assunptions  3  and  3A  and  adding  the  downwards 
Inertia  congwnent  P^'  the  total  down  load  on  the  seat  is  given 


DI 


+  F, 


DO 


-  0.7  P^'  sin  0  +  Pj* 


This  load  should  be  considered  to  act  lOOma  in  front  of  the 
SttP  as  in  Assuiig>tion  2. 

Eiig>irical  evidence  shows  that  the  shoulder  strap  load  is 
likely  to  be  between  30  and  40%  of  the  fortrards  load  so  for  design 
of  the  upper  part  of  the  seat  and  restraint  assume 

Tg  ■  0.4  P^'  Assumption  3B 

These  recommendations  are  summarised  on  Fig.  5. 

(P^'  and  P2'  are  evaluated  from  P^  and  P^  in  the 
usual  way) . 

2.  Stat;‘c  Tests  for  Load  Distribution 


(Based  on  a  communication  to  CAC  of  24.2.1982). 
2.1  Procedure 


The  proposed  method  for  estimating  load  distrilbution  was 
checked  using  a  rig  employing  a  restraint  system  from  a  CT4  Airtrainer, 
and  set  with  Basic  Trainer  geometry  on  the  A.R.L.  articulated 
static  test  body  block.  The  assesbly  is  shown  on  Fig.  6  and  the  body 
block  is  detailed  in  Fig.  7.  Load  was  applied  to  the  body  block  in 


a  forward  diractlon,  either  parallel  to  the  seating  surface  (Pj^)  or 
inclined  10*  downwards  relative  to  the  seating  surface  (P2)>  (This 
corresponds  to  a  load  parallel  to  the  fuselage  datusi  with  typical 
seat  and  back  rake.) 

The  applied  load,  shoulder  harness  load  and  the  loads  at  the 
back  and  front  of  the  seat  mre  sMasured,  and  froB  the  last  t»io 
measuresMnts  the  total  seat  load,  and  the  distance  (x)  of  its 
line  of  action  from  the  seating  reference  point  (SUP)  could  be  evaluated 
These  are  as  shown  on  Pig.  5. 

2.2  The  body  block 

The  diaenslons  shown  in  Pig.  7  correspond  approxiSMtely  to 
the  size  of  a  50th  percentile  occupant  with  a  tightly  fitted  belt. 

The  position  where  load  was  applied  to  the  body  block  was  derived  in 
a  previous  study’  which  matched  the  proportions  of  the  lap  and 
shoulder  strap  loads  to  those  measured  in  dynamic  tests  with  a  full 
anthropometric  dummy.  The  distribution  of  load  is  typical  for 
dynamic  tests.  The  articulated  body  block  is  preferred  to  the  more 
usual  rigid  type  because  the  'thighs'  resting  on  the  seat  can  affect 
the  strap  load  distribution.  If  the  base  of  the  body  block  is  long 
it  can  minimise  shoulder  loads  or  if  vesry  short  (as  shown  on  Fig.  2) 
can  "dig*  into  the  seat  and  reduce  lap  strap  loads. 

2.3  Seat  and  restraint  geometry 

This  was  based  on  the  Commonwealth  Aircraft  Corporation  design 
for  the  Basic  Trainer.  The  angle  between  the  back  rest  and  the 
curved  seating  surface  was  taken  as  97*.  The  seating  surface  was 
represented  by  a  flat,  rigid  plate  covered  by  a  sheet  of  stainless 
steel  and  a  sheet  of  PTFE  to  minisdse  friction  between  the  "seat"  and 
"body".  The  lap  belt  was  found  to  slope  at  approximately  30*  to  the 
seating  surface.  It  was  also  found  that  the  shoulder  strap  anchorage 
was  13(kBB  higher  than  the  shoulder  of  the  dummy  and  about  IOObb 
higher  than  the  minimum  recommended  in  the  Crash  Survival  Design  Guide. 
The  asseably  was  tested  with  this  high  position  of  the  straps,  but 
as  the  proposed  method  for  estimation  assumed  the  anchorage  to  be 
about  the  same  hei^t  as  the  shoulders  the  assembly  *»as  also  tested 
with  the  shoulder  strap  anchorage  level  with  the  shoulder  of  the  body 
block. 


The  proposed  method  also  assuass  that  the  negative  "g*  strap 
has  little  effect  on  the  loading  and  the  asseably  was  therefore  tested 
both  without  a  negative  ”g”  strap  and  with  a  negative  "g"  strap, 
fitted  to  the  frcmt  of  the  "seat”  in  a  representative  position. 

2.4  The  estimated  seat  load 


The  proposed  method.  Part  3,  para.  1.4,  gives  the  seat  load 


For  the  above  seat  belt  and  back  rest  angles 


e  ■  23« 

For  load  applied  parallel  to  the  seating  surface  i.e.  7”  to 

x'x* 

P  •  -  P  cos  ?•  -  0.99  P. 

X  1  1 

P,*  -  P,  sin  7*  -  0.122  P, 

Z  1  X 

predicted  Fp  ■  0.39  Pj 

For  load  applied  10*  do%m  i.e.  17*  to  x'x* 

Pjj*  <■  Pj  cos  17  -  0.96  Pj 
Pg*  *  P2  sin  17  «  0.29  P2 

*  predicted  Fq  ••  0.55  P2 

•  e 

2.5  Test  results 


Test  results  are  shorn  on  Figs.  8a  and  8b.  It  is  seen  that 
the  predictions  are  in  close  agreeawnt  with  the  results  obtained 
with  the  low  shoulder  strap,  (squares  and  crosses)  and  also  that 
Installation  of  the  negative  "g*  strap  nade  little  difference  to 
the  loading.  Seat  loads  produced  with  the  high  shoulder  strap 
anchorage  (circles)  were  less  than  predicted,  because  the  upwards 
slope  of  the  shoulder  strap  resulted  in  a  saaller  'down  load*  onto 
the  shoulder.  The  reduction  in  the  load  at  the  shoulder.  A,  would 
bei 


A  ■  Tg  sin  o 

idiere  a  is  the  slope  of  the  shoulder  strap  relative  to  the  x'x* 
axis. 

Part  3  para.  1.4  indicates  that  Tg  is  lUcely  to  be  between 
0.3  P],'  and  0.4  P^'. 

The  angle  a  was  approxiaately  30*  in  the  test  installation 
with  the  high  anchorage  position  therefore  adjusting  the  prediction 
to  allow  for  the  slope  of  the  shoulder  strap  and  assuaing  Tg  >  0.3  P^, 
the  value  of  Fq  is  reduced  byt 

A  -  0.3  Fjj’  sis  30* 
approxiaately  0.15  P^  or  0.144 
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Th«M  values  are  ahoMi  on  Fife.  8a  and  8b  aa  broken  linea,  Vbry 
cloae  agreenent  with  the  test  results  is  evident  but  in  aost  cases, 
particularly  if  the  anchorages  are  not  so  high  or  if  allowance  is 
Bade  for  a  taller  occi^tant  the  Mthod  given  in  Part  3  para.  1.3  is 
considered  adequate. 

Tension  in  the  shoulder  straps  was  also  affected  by  strap 
slope  and  anchorage  height.  With  the  low  anchorage,  the  shoulder 
strap  tension  Tg  ranged  froa  the  lowest  value  of  0.26  P2  to  the 
highest  value  of  0.31  Pj,  and  with  the  high  andtorage,  Tg  ranged 
froa  a  low  of  0.32  P^  to  a  high  of  0.36  P^.  The  proposed  design 
value  of  0.4  Pj^'  corresponds  to  0.38  P2  or  0.40  P^  which  is  slightly 
greater  than  the  aeasured  values  so  the  proposed  design  value  is 
conservative. 

The  position  of  the  line  of  action  of  Pg  ranged  froa  ISOmi 
to  220Ba  froa  the  Seat  Refarenoa  Point  and  agreaasnt  with  the 
proposed  value  of  200bbi  is  considered  satisfactory. 

2.6  Conclusion 


Tha  proposed  aethod  for  estiaating  loading  of  the  seat  is 
satisfactory. 

Effect  of  Side  l<oad  on  Lap  Strap  hnchorawee 
(Based  on  cosaunication  to  CMC  23.2.1982). 

3.1  gvaluation 


The  proposed  case  is  16  kW  acting  ferwards  together  with  9  kW 
acting  sideways,  which  resolves  to  18.4  kW  30*  to  one  side. 

The  load  say  be  considered  to  act  lOOna  in  front  of  the  seat 
back  as  for  downwards  loading.  Oensidering  tiM  body  to  be  rigid 
and  the  lap  strapa  not  to  slip  arowid  the  bodjy  the  forwards 
oonponents  of  load  at  the  andioragns  on  eadi  side  of  the  seats  can 
be  found  by  taking  aoaants  about  one  side  a.g.  at  8  as  shown  in 
Pig.  9a.  This  gives  the  forwards  oonponants  at  h  of  12.5  kW  and  at 
B  of  3.5  kW.  side  loading  at  the  anchorages  resulting  frou 
inclination  of  ths  straps  would  be  Shared  in  siullar  proportions 
a.g.  7.03  kW  at  A.  This  rapressnts  aa  satrssu  oasa  beeanse  tha 
straps  would  tend  to  slide  around  the  body  awd  agualiae  tha  tension. 

Xf  tha  tension  loads  at  A  and  B  are  equal  tiw  forwards  oosponant  at 
A  and  B  would  be  8  kW  and  tte  sideways  oonponants  at  A  and  8  would 
be  4.5  kW  as  shown  on  Pig.  lb.  This  is  again  an  svtrasw  oasa  and 
reality  would  lie  bstwaan  tbs  two  oases.  For  design  purposas  it 
would  be  oonservative  to  asosns  that  for  eithar  anohorags  tha  forwards 
cosponsnt  oonld  be  12.5  M  tegsthsr  with  a  sidawsya  oowponant  of 
7  kw  acting  towsrda  ths  centre  of  the  sank  or  a  forward  oosponant 
of  8  kM  togsthsr  with  a  aidswaya  oosponant  of  4.5  M  acting  away  fron 
the  oentre  of  the  seat. 
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PART  4.  FMCTIOII  MOttYSIS 


This  Inforaation  was  eosaunicstsd  to  CSC  on  12.3.82  to9stlMr 
with  a  apokan  a^lanation.  TIm  following  taxt  has  bsan  aaplifiad. 

1.  Introduction 


Ths  saat«  shown  diagrawatically  in  Fig.  10  is  daflsctad  downwards, 
controllad  hy  an  ansrgy  absoxbar  and  guidad  by  tha  rails  idMn  and  if  tbs 
cabin  is  subjactad  to  axeasaiva  daealaration,  so  that  ths  forcas  on  tha 
spina  of  tha  pilot  can  ba  liadtad  to  a  safa  valua.  Tha  saat  will  slide 
whan  tha  inertia  force  exerted  by  tha  nass  of  tha  pilot  and  seat,  in  the 
direction  parallel  to  tha  guide  rails,  ovarcosMS  tha  resistance  of  the 
energy  absorber  and  the  friction  in  tha  guide  bearings.  Tha  energy 
absorber  force  should  ba  selected  to  give  the  highest  safe  deceleration 
to  the  pilot  in  order  to  provide  the  naxleusi  energy  absorbing  capacity. 

It  follows  that  ui4>redlctabla  variation  in  the  hearing  friction  would 
degrade  tha  affactivanass  of  tha  systan  because  high  friction  could  over¬ 
load  tha  occiq|>ant,  or  if  tha  energy  absoriiar  force  is  set  to  give  the 
required  occupant  deceleration  with  the  friction  envisaged,  the 

deceleration  could  be  insufficient  in  a  low  friction  situation. 

As  tha  centra  of  gravity  of  tha  seat  and  pilot  is  in  front  of 
the  saat  rails,  tha  loads  on  tha  guide  bearings,  and  consequently  tha 
sliding  friction,  will  ba  governed  by  the  downwards,  forwards  and  sideways 
oouponants  of  tha  applied  inertia  load. 

The  following  analysis  was  nade  to  investigate  the  sliding 
friction  and  tha  variation  in  friction  with  the  range  of  loading  conditions. 

2.  Procedure  and  Wouenclature 


The  seat  geoewtry,  taken  froai  the  CAC  drawing  current  at  the 
tins  of  tha  analysis,  is  shown  on  Fig.  10,  tha  centra  of  gravity  is 
assuasd  to  coincide  with  tha  cmtra  of  gravity  for  tha  occupant  as 
reccauMndod  in  Part  3  para.  1.2 

Tha  loads  on  tha  bearings  are  assuesd  to  be  substantially  fore 
and  aft.  Tha  sideways  oouponent  would  ba  aeall  and  have  a  nagligibla 
effect  on  the  aagnituda  of  ths  resultant  load.  The  two  lower  bearings 
were  assuesd  to  react  tha  ■oaant  from  the  side  load,  upper  bearing  loads 
are  assuawd  equal.  The  foroes  were  resolved  into  axes  parallel  and 
perpendicolar  to  tha  seat  rails.  The  nonanclature  used  is  as  follows* 

Aj  Ay  upper  bearings 
By  lower  bearings 

X  longitudinal  axis  parallel  to  fuselage  datun  ) 

)  aircraft 

y  sideways  asiis  peipendicular  to  fuselage  dstnai  | 

B  downwards  axis  paapendtcular  to  fuselage  datuai) 
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x*  "forwards”  axis  parpaitdicular  to  aaat  rail  ) 

y'  "sidswaya”  axis  parpandic«ilar  to  saat  rail  |  nil 

s'  "downwards"  axis  parallel  to  seat  rail  )  axis 

P  Applied  inertia  force 

P  'p„'  P_*  oosiponents  in  x'  y*  s*  directions 
X  y  z 

II  Bearing  loads 

>  N  .  K  M  .  upper  and  lower  bearing  loads 
sliding  friction  -  v  1  M 
U  coefficient  of  friction 

F-  total  sliding  force  -  P*  when  seat  slides 

S  K 

3.  The  Analysis 


The  upper  and  lower  bearing  loads  and  shown 

on  Fig.  11,  nay  be  found  by  taking  scsnnts.  As  ue  entire  sideway 
■oaent  due  to  P„  is  assuaed  to  be  reacted  by  and  1^2 '  ^A1  ~  ^A2 
the  combined  e  f  Sect  -  H* 


-  0.12Px'  ♦  0.83P,'  (1) 

■bI  -  0.44Px'  -  0.42P,'  ♦  2.6Py'  <2) 

IIb2  •  0.44Pj,'  -  0.42Pb*  -  2.€Py'  (3) 

The  friction  force 

F|,  -  Milw^l  ♦  |Hgll  +  |Mb2|}  W 


Fb  can  be  expressed  in  terms  of  P^'t  Py'r  Ps*  proportion 

of  the  sliding  force  due  to  friction,  Fjt  may  be  expressed  in  terms  of 

Pg’  and  Py*  .  These  ratios  indicate  the  directions  of  the  applied 

p  t  p  • 

^z  'z 

load  vector. 

Zf  the  side  load  P^'  is  aero 

•>  11^3  *  **  0.42P,') 

Si  ♦  S2  -  s  -  <«*••«•  - 
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'b  -  “(InaI  +  ImbI) 


(5) 


If  *  >  0.94 ,  Nb  -  0  and  F.  ia  a  ■inlMn  which  occurs  if  tha  aiipliad 

P,' 

load  vector  passes  through  the  hpper  bearing  as  shown  HC  on  Pig.  11. 

-  y  0.94 


If  the  vector  is  nore  "downwards"  than  AC  Pig.  11  is  less  than  0.94 
and 


Ps* 


Pb  P  ' 

-  y  (1.66-0. 76  — ) 

D  *  _  ^ 


(6) 


If  the  vector  ia  aore  "forwards"  than  AC  Pig.  11 


*7  is  greater  than  0.94 


f  • 

B 


p  •  «  V  p  I  . 


The  resulting  variation  in  ^  with  is 


shown  for  y  *  0.2  in  Fig.  12a. 

A  side  load,  Py',  will  result  in  unequal  loads  l^x  and  1^2 
but  if  the  side  load  is  snail,  <utd  IIb2  vill  act  in  the  sane 

direction,  and  the  inequality  will  not  increase  the  friction  P^  so 
that  the  values  given  by  (6)  and  (7)  will  apply.  The  boundary 
condition  is 

P  •  .  ‘'b1*‘'b2 

'  5.2 

If  the  side  load  is  greater  than  this  it  will  doninate  tha 
friction  and 

Pp  -  l«(Kp  +  5.2Py')  (8) 

VUlues  for  are  shown  on  Pig.  12a  for  several  values  of  *y*  and 
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is  plott*d  a9alnat  Y  on  Fig.  12b. 
P_' 


It  la  aaen  that  tha  ■iniaua  friction  is  about  20%  of  tha  sliding 
load  but  that  the  direction  of  tha  load  vector,  and  particularly  a  side¬ 
ways  coagionant,  can  result  inauch  hi^fher  friction,  for  exaaple,  a 
sideways  ooaiponent  of  0.25  of  the  downwards  load  would  result  in  the 
friction  being  about  45%  of  the  total  sliding  force. 

If  the  energy  absorber  force,  B,  is  selected  to  give  the  design 
sliding  force  Pg^  at  an  intermediate  friction  say  ^  .  0,3 


PsD  -  E  ♦  0.3  PgD 


P  '  when  the  seat  slides) 

S 


E  -  0.7  F, 


with  mininuB  friction  this  %rottld  result  in  a  sliding  force 
F-  -  0.7  F«o  ♦  0.2  Fa 


Fa  -  0.9  F, 


or  with  friction 


Fa  -  1.3  Fc 


If  FgQ  is  selected  to  produce  a  'safe*  deceleration  of  229  on  a  lifdit 
(60kg  5th  percentile)  pilot,  all  heavier  pilots  (i.e.  95%  of  pilots) 
will  receive  less  than  22g,  but  at  1.3  Fgo  the  5th  percentile  pilot  would 
receive  an  injurious  299  only  pilots  weighing  more  than  1.3x60  ■ 

SOkg  would  receive  229  or  less.  This  would  protect  less  than  50%  of 
pilots  (Mass  of  the  50th  psroentile  pilot  is  74kg  and  the  95th  percentile 
mass  is  91  kg) .  A  side  oosponsnt  of  about  0.3  would  give  a  sliding  force 
of  1.5  Fsd  and  this  would  only  protect  the  heaviest  5%  of  pilots. 

Nhilst  the  side  component  has  most  inf luenoe  on  the  friction,  the  for%»ards 
oosvonent  has  secMidary  iaportanoe.  The  effects  of  both  are  iliown  on 
Figs.  13a  and  b  which  plots  the  forward  and  sideways  loading  coabinations 
which  will  protect  95%,  50%  and  5%  of  pilots.  The  load  oosponaats  are 
expressed  relative  to  the  seat  rail  anas  in  Fig.  13a  but  they  have  bean 
resolved  to  aircraft  aaea  in  Fig.  13b. 

Tha  enargy  absorbar  foroa  could  have  been  salectad  to  suit  a 
greater  friction  and  this  would  have  reduced  tbe  foroa  in  the  bighar  sida 
load  ocnditiona,  but  it  would  have  raduoad  tbs  anargy  abaocbiag  capacity 
in  low  friction  oases. 
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Xt  is  sssn  that  quite  ssall  side  forces  produce  serious  increases 
in  the  sliding  force.  The  effect  crald  be  reduced  by  using  bearings  with 
a  lower  friction  coefficient.  Variability  in  the  coefficient  could  further 
increase  variability  in  the  sliding  force  and  would  further  degrade  the 
perforsMnce.  Bearings  with  low  and  consistent  friction  properties  are 
required. 


It  was  recoBBMnded  that  the  high  friction  resulting  free  side  loads 
could  be  reduced  by  sounting  the  seat  rails  further  apart.  The  analysis 
was  repeated  with  the  lower  bearings  assuned  to  be  SSOnsi  igpart  and  the 
increased  capacity  to  accept  side  load  for  a  given  increase  in  sliding  load 
is  shown  in  Figs.  14a  and  b.  It  was  also  suggested  that  three  short  rails 
could  replace  the  two  long  rails  shown  in  Fig.  10/  two  rails  would  be 
provided  for  the  two  lowr  bearings  and  a  single  central  rail  for  the  vqpper 
bearing. 


REFEREMCES 


1.  Mil  Std  1290.  Light  Fixed  and  Rotary  Wing  Aircraft  Crashworthiness. 

Department  of  Defense.  Washington,  1974. 

2.  ASCC  Air  Standard  61/2.  Restraint  and  Parachute  Harnesses  for 

Aircrew.  Air  Standardisation  Co-ordinating  Comnittee,  197S. 

3.  K.C.  Hendy.  Australian  Tri-Service  Anthropoewtric  Survey  1977  - 

Parts  1-9.  ARL  Systems  Report  15,  Aeronautical  Research 
Laboratories,  Melbourne,  July  1979. 

4.  Mil-S-81771A,  Seats;  Aircrew,  Adjustable;  Aircraft  General  Specifica 

tlons  for,  U.S.  Departstent  of  the  Navy,  1975. 

5.  Crash  Survival  Design  Guide,  Technical  Report  71-22  US  Army  Air 

Mobility  Research  and  Developoent  Laboratory.  Fort  Eustis, 
Virginia  -  1971. 

6.  Mil-S-58095  (AV) ,  Seat  System:  Crashworthy,  Mon-ejection,  Aircrew, 

General  Specification  for.  1971. 

7.  AV  P  970,  Aeroplane  Design  RequireiDents  Ministry  of  Defence.  London 

6.  Mil-S-25073A  (USAF) ,  Seat,  Aircraft,  1970. 

9.  S.R.  Sarrailhe,  The  Strength  of  Occupant  Restraint  Systems  in  Light 
Aircraft.  Structures  Report  375,  Aeronautical  Research 
Laboratories,  Melbourne,  1979. 

*  10.  Crash  Survival  Design  Guide,  US  Army  Research  and  Technology, 

Technical  Report  TR  79-22A.  Fort  Eustis,  Virginia,  1980. 
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STATIC  LOAD  APPLICATION  POINT  AMD  CRITICAL 
BODY  BLOCK  PELVIS  GECMETRY  RECOMIENDED  IN 
THE  CRASH  SURVIVAL  DESIGN  GUIDE.'* 
(DINEMSICWS  CCmVERTED  TO  m) . 


FIG.  3  POSITION  OF  ’DOWNLOAD’  ON  SEAT  PAN. 

BODY  WILL  LOAD  SEAT  3t  IN  FRONT  OP  SRP 
EVEN  IP  INERTIA  LOAD  VECTOR  IS  CLOSE  TO  SRP. 


FIG.  4  LOADS  ONTO  THE  BODY 

SLOPE  (0)  OF  LAP  STRAP  (TENSION  ) 
RESULTS  IN  DOWNLOAD  ON  SEAT (-  sin  G) 


FIG.  5  RECOMMENDED  LOADS  ONTO  SEAT 

Note  ?j('  P2'  components  of  inertia  load 

perpendicular  and  parallel  to  back  rest  ; 


IG.  7  ARL  ARTICULATED  BODY  BLOCK. 
(DIMENSIONS  IN  mm) 


Down  load  (kN)  Down  load  F„  (kN) 


Load  kN 


(a)  Forward  load  horizontal  (Pj) 


Load  kN 

(b)  Forward  load  10*  below  horizontal (P2)  1 


Low  shoulder  strap-with  neg.  'G*  strap 
Low  shoulder  strap-no  neg.  'G'  strap 
High  shoulder  strap-with  neg.  'G*  strap  i 
High  shoulder  strap-no  neg.  'G'  strap 


FIG.  e  DOWNLOAD  ON  THE  SEAT  INDUCED  BY  FOmfARO  LOAD  ' 

Note  Full  line  -  proposed  method  of  prediction  ; 
Broken  line  -  prediction  adjusted  to  allow  ! 

for  hi^  shoulder  strap  ( 
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9  (a)  Anchorage  loads  based  on  moment  balance  ' 


U.5 


9  (b)  Anchorage  loads  with  equal  strap  tension 


PIG.  9  EFFECT  OF  SIDE  LOAD  ON  LAP  STRAP  I 
ANCHORAGES,  A  AND  B  i 

(LOADS  XN  AN) 


FIG.  10  DIMENSIONS  OF  CAC  SEAT,  (nn) 

X,Y,Z.  Parallel  and  perpendicular  to 

aircraft  axes  , 

X'  Y*  Z*  Parallel  and  perpendicular  to  seat 


FIG.  11  APPLIED  FORCES  AND  BEARING  LOADS 


1 


Friction 

'Downwards'  load  *  Sliding  force  when  seat  slides 
Forwards  load 
Sideways  load 
0.2 


FIG.  12(a)  EFFECT  OF  FORWARDS  LOADING  ON 
SLIDING  FRICTION 
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(a)  "Forwards"  (  and  "sideways"  (PyM  loading  j 
relative  to  seat  rail  axes 
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(b)  Forwards 
relative 
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)  and  sideways  (Py)  loading 
aircraft  axes 
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Sliding  load 
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Design  sliding  load 
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0.2 

FIG.  13  SLIDING  LOAD  -  CAC  SEAT  GEOMETRY 

K.  ICKi1M»W  M  y  O'  ^ 


(a)  "Forwards"  (Fy')  and  "sideways"  6>y')  loading 
relative  to  seat  rail  axes 


(b)  Forwards  (p„)  and  sideways  (P„  )  loading 
relative  to  aircraft  axes 

S  -  Sliding  load 

Sq  «  Design  sliding  load  , 

W  ■  0.2 

F16.  14  SLIDING  LOAD  -  RAILS  350  m  APART 
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